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CROSS FLOW PARAMETER CALCULATION 
FOR AERODYNAMIC ANALYSIS 

CROSS FLOW PARAMETER CALCULATION 
FOR AERODYNAMIC ANALYSIS 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/365,275, filed on Jul. 16, 2010, 
which is hereby incorporated by reference. 

GOVERNMENT LICENSE RIGHTS 

This invention was made with Government support under 
Boeing subcontract 6000132079 awarded by United Space 
Alliance under Prime Contract No. NNJ06VA01C awarded 
by NASA, and is subject to the provisions of Section 305 of 
the National Aeronautics and Space Act of 1958 (72 Stat. 435: 
42 U.S.C. 2457). 

BACKGROUND INFORMATION 

1. Field: 

The present disclosure relates generally to systems and 
methods for analyzing aerodynamic effects of features in the 
surface of a vehicle. More particularly, the present disclosure 
relates to systems and methods for designing, making, and 
verifying the reworking of inconsistencies in thermal protec- 
tion systems for aerospace vehicles by calculating cross flows 
over the surfaces of such vehicles. 

2. Background: 

Aerodynamic heating is the heating of a solid body pro- 
duced by frictional interactions with the passage of fluid 
about the body. For example, aerodynamic heating occurs 
when air passes over an aerospace vehicle, such as a space- 
craft or aircraft, during vehicle transit, ascent, descent, and 
reentry. In this case, aerodynamic heating of the vehicle is a 
fimction of various parameters, such as reentry angle, vehicle 
speed, air density, and vehicle configuration, among other 
parameters. Another parameter affecting aerodynamic heat- 
ing of an aerospace vehicle is the thermal protection system 
materials that are used to protect the vehicle from aerody- 
namic and other heating. For example, depending on the 
vehicle configuration and thermal protection system material 
properties, aerodynamic heating typically increases as the air 
surrounding the vehicle increases in density and as the air 
passes more quickly over the vehicle. An increase in the speed 
at which air passes over a vehicle typically occurs as the speed 
of the vehicle increases. 

Aerodynamic heating considerations may have many 
effects on aerospace vehicle design and operation. For 
example, aerodynamic heating may affect the performance of 
an aerospace vehicle. The thermal protection system configu- 
ration and materials that are needed for a vehicle may be 
based on the levels of aerodynamic heating expected to be 
experienced by the vehicle during operation. Aerodynamic 
heating actually experienced by an aerospace vehicle during 
operation may affect how often inspections and maintenance 
are needed. Levels and durations of aerodynamic heating 
experienced during vehicle operation may affect whether the 
vehicle should be reconfigured, reworked, or replaced. 

A vehicle thermal protection system may be used to reduce 
or control the effects of aerodynamic heating on an aerospace 
vehicle structure to within acceptable limits. For example, an 
aerospace vehicle may be a vehicle that travels at supersonic, 
hypersonic, exo-orbital, and exoatmospheric speeds, and a 
spacecraft that reenters the atmosphere. A thermal protection 
system for such an aerospace vehicle may include a barrier to 
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protect the vehicle from aerodynamic heating when the 
vehicle renters the atmosphere. For example, the thermal 
protection system may include material that covers the sur- 
faces of the vehicle that are exposed to air during reentry. 
5 Examples of materials that may be used for a vehicle thermal 
protection system include silica glass fiber materials, ceramic 
matrix composite (CMC) materials, polymeric matrix com- 
posite (PMC) materials, and other materials, as well as such 
materials that may be clad with ablative, high-temperature 
to resistant, or other coating materials. 

A space shuttle is an example of an aerospace vehicle. On 
a space shuttle, most of the thermal protection system takes 
the form of tiles that are attached to the surfaces of the vehicle 
that are exposed to aerodynamic heating during reentry. For 
15 example, these tiles may be located on the lower surface of the 
space shuttle, among other suitable places thereon. The tiles 
on the space shuttle are made of an insulating material known 
to those having knowledge in the relevant arts to be a silica 
glass fiber material. The insulating tiles absorb and radiate 
20 heat, while minimizing heat load conduction to the aluminum 
airframe of the space shuttle. 

Inconsistencies may occur in the thermal protection system 
tiles of a space shuttle, in the materials used to attach the tiles 
to the shuttle surface, and in materials used to seal and fill 
25 gaps and channels between the tiles. Inconsistencies may 
include nicks, dings, scrapes, or what those skilled in the art 
may refer to generally as cavities, in the surface of the thermal 
protection system tiles. Inconsistencies also may include 
material that becomes lodged between tiles of the themial 
30 protection system. Such inconsistencies may be referred to as 
gap fillers by those skilled in the art. Inconsistencies in a 
vehicle thermal protection system may arise or occur during 
pre-flight preparation, as well as during operation of an aero- 
space vehicle, such as the space shuttle. Such undesirable 
35 inconsistencies may affect the aerodynamic characteristics of 
the tiles and, therefore, may affect performance of the space 
shuttle thermal protection system. Similar issues may arise in 
other types of thermal protection systems that are used in 
other types of aerospace vehicles and in thermal protection 
40 systems that may employ other thermal protection system 
materials, such as ceramic matrix composite materials, poly- 
meric matrix composite materials, or other materials. 

Accordingly, it would be advantageous to have a method 
and apparatus that takes into account one ormore ofthe issues 
45 discussed above, as well as possibly other issues. 

SUMMARY 

A method for determining a cross flow angle for a feature 
50 on a structure is provided. Location information identifying a 
location of a feature on a structure is received by a processor 
unit. An angle of the feature is determined using the processor 
unit. Flow information for the location is identified. The flow 
information describes a flow of fluid across the structure. A 
55 flow angle is determined using the flow information. The flow 
angle comprises an angle of the flow of fluid across the 
structure for the location of the feature. The cross flow angle 
for the feature is determined by the processor unit using the 
flow angle and the angle of the feature. 

60 An apparatus for determining a cross flow angle for a 
feature on a structure also is provided. The apparatus com- 
prises a processor unit. The processor unit is configured to 
receive location information identifying a location of a fea- 
ture on a structure, to determine an angle of the feature, to 
65 identify flow information for the location, to determine a flow 
angle using the flow information, and to determine the cross 
flow angle for the feature using the flow angle and the angle of 
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the feature. The flow information describes a flow of fluid 
across the structure. The flow angle comprises an angle of the 
flow of fluid across the structure forthe location of the feature. 

A computer program product for determining a cross flow 
angle for a feature on a structure also is provided. The com- 5 
puter program product comprises a computer readable stor- 
age medium and program instructions stored on the computer 
readable storage medium. First program instructions receive 
location information identifying a location of a feature on a 
structure. Second program instructions determine an angle of 1 0 
the feature. Third program instructions identify flow infor- 
mation for the location. Fourth program instructions deter- 
mine a flow angle using the flow information. Fifth program 
instructions determine the cross flow angle for the feature 15 
using the flow angle and the angle of the feature. The flow 
information describes a flow of fluid across the structure. The 
flow angle comprises an angle of the flow of fluid across the 
structure for the location of the feature. 

The features, functions, and advantages can be achieved 20 
independently in various embodiments of the present disclo- 
sure or may be combined in yet other embodiments in which 
further details can be seen with reference to the following 
description and drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the advanta- 
geous embodiments are set forth in the appended claims. The 
advantageous embodiments, however, as well as a preferred 30 
mode of use, further objectives, and advantages thereof, will 
best be understood by reference to the following detailed 
description of an advantageous embodiment of the present 
disclosure when read in conjunction with the accompanying 
drawings, wherein: 35 

FIG. 1 is an illustration of an aerospace vehicle manufac- 
turing and service method in accordance with an advanta- 
geous embodiment; 

FIG. 2 is an illustration of a block diagram of an aerospace 
vehicle in accordance with an advantageous embodiment; 40 

FIG. 3 is an illustration of a space shuttle in accordance 
with an advantageous embodiment; 

FIG. 4 is an illustration showing a portion of the lower 
surface of a space shuttle in accordance with an advantageous 
embodiment; 45 

FIG. 5 is an illustration of a block diagram of an aerody- 
namic analysis environment in accordance with an advanta- 
geous embodiment; 

FIG. 6 is an illustration of a data processing system in 
accordance with an advantageous embodiment; 50 

FIG. 7 is an illustration of a cavity in a thermal insulating 
tile in accordance with an advantageous embodiment; 

FIG. 8 is an illustration of a user interface for obtaining 
cavity information that may be used for detennining a cross 
flow angle for a cavity in accordance with an advantageous 55 
embodiment; 

FIG. 9 is an illustration of a cavity cross flow angle output 
presentation in accordance with an advantageous embodi- 
ment; 

FIG. 10 is an illustration of a user interface for obtaining a 60 
tile identification that may be used for detennining a cross 
flow angle for a gap filler in accordance with an advantageous 
embodiment; 

FIG. 11 is an illustration of a graphical user interface for 
obtaining a tile side selection and edge velocity information 65 
that may be used to determine a cross flow angle for a gap 
filler in accordance with an advantageous embodiment; 
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FIG. 12 is an illustration of a gap filler cross flow angle 
output presentation in accordance with an advantageous 
embodiment; 

FIG. 13 is an illustration of a flowchart of a process for 
determining a cross flow angle in accordance with an advan- 
tageous embodiment; and 

FIGS. 14A and 14B are illustrations of a flowchart of 
another process for detennining cross flow angles in accor- 
dance with an advantageous embodiment. 

DETAILED DESCRIPTION 

Referring more particularly to the drawings, embodiments 
of the disclosure may be described in the context of an aero- 
space vehicle manufacturing and service method 100 as 
shown in FIG. 1 and an aerospace vehicle 200 as shown in 
FIG. 2. Turning first to FIG. 1, an illustration of the aerospace 
vehicle manufacturing and service method 100 is depicted in 
accordance with an advantageous embodiment. During pre- 
production, the aerospace vehicle manufacturing and service 
method 100 may include a specification and design 102 of the 
aerospace vehicle 200 in FIG. 2 and material procurement 
104. During production, component and subassembly manu- 
facturing 106 and system integration 108 of the aerospace 
vehicle 200 in FIG. 2 takes place. Thereafter, the aerospace 
vehicle 200 in FIG. 2 may go through certification and deliv- 
ery 110 in order to be placed in service 112. While in service 
112 by a customer, the aerospace vehicle 200 in FIG. 2 is 
scheduled for routine maintenance and service 114, which 
may include modification, repair, reconfiguration, refurbish- 
ment, and other maintenance or service. 

Each of the processes of the aerospace vehicle manufac- 
turing and service method 100 may be performed or carried 
out by a system integrator, a third party, and/or an operator. In 
these examples, the operator may be a customer. For the 
purposes of this description, a system integrator may include, 
without limitation, any number of aerospace vehicle manu- 
facturers and major-system subcontractors; a third party may 
include, without limitation, any number of venders, subcon- 
tractors, and suppliers; and an operator may be a company, a 
military entity, a service organization, and so on. 

With reference now to FIG. 2, an illustration of an aero- 
space vehicle is depicted in which an advantageous embodi- 
ment may be implemented. The aerospace vehicle 200 may be 
any vehicle for operation in the air, in space, or both. For 
example, the aerospace vehicle 200 may be an aircraft, a 
spacecraft, or a vehicle that operates as both an aircraft and a 
spacecraft. In this example, the aerospace vehicle 200 is 
produced by the aerospace vehicle manufacturing and service 
method 1 00 in FIG. 1 . The aerospace vehicle 200 may include 
a frame 202 with a plurality of systems 204 and an interior 
206. 

Examples of the systems 204 include one or more of a 
propulsion system 208, an electrical system 210, a hydraulic 
system 212, an environmental system 214, and a thermal 
protection system 216. Although an aerospace example is 
shown, different advantageous embodiments may be applied 
to other industries, such as the automotive industry. 

Turning now to FIG. 3, an illustration of a space shuttle is 
depicted in accordance with an advantageous embodiment. In 
this example, a space shuttle 300 is one example of the aero- 
space vehicle 200 in FIG. 2. FIG. 3 illustrates a lower surface 
302 of the space shuttle 300. In accordance with an advanta- 
geous embodiment, individual point locations on the lower 
surface 302 may be identified by points in a coordinate system 
304. The coordinate system 304 may be a three-dimensional 
coordinate system defined with reference to the space shuttle 



US 8,626,478 B1 


5 

300. For example, an X-axis 306 of the coordinate system 304 
may extend in the direction from a tail 308 to a nose 310 of the 
space shuttle 300. A Y-axis 312 of the coordinate system 304 
may extend perpendicular to the X-axis 306 in the direction 
across wings 314 of the space shuttle 300. AZ-axis 318 of the 5 
coordinate system 304 may then extend perpendicular to both 
the X-axis 306 and the Y-axis 312 in the direction extending 
perpendicular to the page in FIG. 3 . As will be known to those 
skilled in the art, individual point locations on a vehicle may 
be identified by points in coordinate systems other than the to 
specific coordinate systems illustrated and described as 
examples herein. 

Turning now to FIG. 4, an illustration showing in more 
detail a portion 400 of the lower surface 302 of the space 
shuttle 300 in FIG. 3 is depicted in accordance with an advan- 15 
tageous embodiment. The lower surface 302 of the space 
shuttle 300 is covered by an arrangement of thermal insulat- 
ing tiles. For example, the portion 400 of the lower surface 
302 includes tiles 402, 404, and 406. The tiles 402, 404. and 
406 form a portion of a thermal protection system for the 20 
space shuttle 300. 

FIG. 4 is not meant to illustrate an actual arrangement of 
tiles for a space shuttle or to present an accurate illustration of 
the shapes and dimensions of tiles or of the gaps between tiles 
for a thermal protection system for any vehicle. Rather, FIG. 25 
4 is provided to illustrate some of the terms and concepts that 
are used in the descriptions of advantageous embodiments 
provided herein. 

An impact of debris or other events may cause the fonna- 
tion of a feature on the tile 402. An example of one such 30 
feature is a cavity 408 in the tile 402. The cavity 408 also may 
be referred to as a nick, ding, or scrape in the tile 402. The 
cavity 408 may affect air flow across the tile 402. Therefore, 
the cavity 408 may affect aerodynamic heating of the tile 402 
and, therefore, may affect performance of the thermal protec- 35 
tion system for the space shuttle 300. 

The location and orientation of the cavity 408 on the space 
shuttle 300 may be described using the locations of points 410 
and 412. For example, the points 410 and 412 may be selected 
as points located at opposite ends of the cavity 408. In the 40 
example presented, the points 410 and 412 are selected such 
that an axis 413 extends between the points 410 and 412 
across approximately the largest dimension of the cavity 408 
at the surface of the tile 402. The points 410 and 412 may be 
identified as points in the coordinate system 304 in FIG. 3, or 45 
as points in another coordinate system. An angle of the axis 

413 may define the angle of the cavity 408 in the coordinate 
system 304. 

Another example of a feature that may be formed by the 
impact of debris or another event is a gap filler 414. For 50 
example, the gap filler 414 may be a piece of debris or other 
material that becomes lodged in a gap 416 between the tiles 
404 and 406. The gap filler 414 may at least partially fill the 
gap 416 between the tiles 404 and 406. The gap filler 414 may 
protrude from the gap 416 beyond the surfaces of the adjacent 55 
tiles 404 and 406. The gap filler 414 may affect air flow across 
the surfaces of the tiles 404 and 406. Therefore, the gap filler 

414 may affect aerodynamic heating of the space shuttle 300. 
The location of the gap filler 414 on the space shuttle 300 may 
be identified by identifying a side 418 or a side 420 of the tiles 60 
404 or 406 adjacent to the gap filler 414. 

The cavity 408 and the gap filler 414 are examples of 
unintended features. Such unintended features may be 
referred to as inconsistencies. Inconsistencies may result 
from the impact of debris on an aerospace vehicle or from 65 
other causes during pre-flight preparation or during operation 
of the vehicle. Other features on the surface of a vehicle 
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thermal protection system may not be unintended features or 
inconsistencies. However, such other features also may affect 
air flow across the vehicle thermal protection system and, 
thus, may affect aerodynamic heating of the aerospace 
vehicle. Examples of such other features may include features 
that are part of the vehicle thermal protection system design. 

The different advantageous embodiments recognize and 
take into account a number of considerations. For example, 
the different advantageous embodiments recognize and take 
into account that it may be important to determine accurately 
the aerodynamic effects of various features, such as inconsis- 
tencies, on the thermal protection system of an aerospace 
vehicle. An accurate determination of such aerodynamic 
effects may be needed, for example, to determine accurately 
the effects of the features on aerodynamic heating so that 
appropriate action may be taken, if needed. An accurate deter- 
mination of the effect of an inconsistency or other feature on 
aerodynamic heating of a thermal protection system may be 
needed, for example, to determine whether the thermal pro- 
tection system will perform as desired. 

The different advantageous embodiments recognize and 
take into account that an accurate evaluation of a vehicle 
thermal protection system may be made using a simulation of 
aerodynamic heating. A simulation of aerodynamic heating 
may provide information on the heat that will be produced at 
the vehicle thermal protection system for a particular sce- 
nario, such as the reentry of an aerospace vehicle through the 
atmosphere. The effect of features in the thermal protection 
system on aerodynamic heating may be determined by 
including information on such features in a model of the 
thermal protection system that is used for the simulation. In 
this case, if the simulation indicates that heating of the ther- 
mal protection system is more than a desired amount, then 
maintenance, rework, or modification operations may be per- 
formed. For example, such operations may include rework or 
replacement of a portion of a thermal protection system that 
includes an inconsistency in the form of a cavity. As another 
example, such operations may include an operation to remove 
an inconsistency in the form of a gap filler from between tiles 
of a vehicle themial protection system. 

The different advantageous embodiments recognize and 
take into account that an accurate simulation of the effect on 
aerodynamic heating of a feature on a thermal protection 
system may require accurately determining the cross flow of 
air with respect to the feature. For example, an accurate 
determination of the effect of the cavity 408 or the gap filler 
414 on aerodynamic heating of the space shuttle 300 during 
reentry may require an accurate determination of the cross 
flow angle of air at the cavity 408 or the gap filler 414 during 
reentry. The airflow across the lower surface 302 of the space 
shuttle 300 during reentry may be in the direction indicated by 
an arrow 422 in FIG. 4. In this case, for example, the cross 
flow angle for the cavity 408 or the gap filler 414 may be 
calculated as the angle between the direction of air flow 
indicated by the arrow 422 across the cavity 408 or the gap 
filler 414 and the angle of the cavity 408 or the gap filler 414, 
respectively. 

The different advantageous embodiments recognize and 
take into account that it would be advantageous to enable 
effective reworking of inconsistencies in a thermal protection 
system before, during, and after operation of an aerospace 
vehicle. It also would be advantageous to facilitate reworking 
of such inconsistencies in a way that minimizes the time 
required to assess various rework approaches and which 
maximizes the accuracy of the design for such rework. 
Another advantageous capability would be to increase the 
precision with which such rework can be designed and 
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affected in short time periods. Increased precision and speed 
in reworking inconsistencies in a vehicle thermal protection 
system may be particularly important for aerospace vehicles 
that are in use on an operational mission. 

For example, consider the case of any type of aerospace 
vehicle that has ascended to orbit. While in orbit, inconsis- 
tencies in the vehicle thermal protection system may be dis- 
covered. Orbital missions of this type may have strict time 
limitations due to airframe limitations and limitations in fuel 
and crew provisions. Accordingly, it may be imperative that 
the effect of the inconsistency on aerodynamic heating during 
reentry be evaluated and that any necessary reworking be 
designed and effected while the vehicle is in orbit as quickly 
as possible, so as not to jeopardize the mission success. 

Any necessary reworking of a vehicle thermal protection 
system may be made after an analysis of any discovered 
inconsistencies in the context of the operational environment, 
including the reentry environment. The different advanta- 
geous embodiments recognize and take into account that such 
an analysis preferably must include, among other consider- 
ations, a rapid and accurate determination of the cross flow 
angles of the reentry or other operational airstreams for the 
inconsistency. Information defining reentry or other opera- 
tional airstreams for aerospace vehicles may be available 
from computational fluid dynamics (CFD) performance 
libraries and databases. The different advantageous embodi- 
ments recognize and take into account that rapid and effective 
evaluation and reworking of an inconsistency in the thermal 
protection system for such a vehicle may require quickly and 
accurately identifying the information in specific subsets of 
such performance libraries and databases for locations on the 
vehicle that are proximate to the identified inconsistencies. 

The different advantageous embodiments provide a 
method and apparatus for determining cross flow angles for 
features in a surface of a structure. For example, the different 
advantageous embodiments provide a method and an appa- 
ratus for determining cross flow angles for features, such as 
inconsistencies, in a thermal protection system for an aero- 
space vehicle. 

Advantageous embodiments may provide a method and 
apparatus for determining a cross flow angle for an inconsis- 
tency in the fonn of a cavity in a structure, such as a vehicle 
thermal protection system. In this example, a shear stress 
vector at the surface of the thermal protection system and a 
cavity angle may be used to determine automatically the cross 
flow angle for the cavity. A graphical output showing the 
computed cross flow angle along with a graphical represen- 
tation of the cavity, the cavity angle, and air flow direction 
may be presented. The graphical output provides a graphical 
verification of the automated cross flow angle determination 
to a user. 

Advantageous embodiments also may provide a method 
and apparatus for determining a cross flow angle for an incon- 
sistency in the form of a protruding gap filler lodged between 
tiles of a vehicle thermal protection system. In this case, an 
angle between the side of a tile adjacent to the gap filler and a 
flow velocity vector at the location of the gap filler may be 
used to determine automatically the cross flow angle for the 
gap filler. An output showing the determined cross flow angle 
may be presented to a user in graphical form to provide a 
graphical verification of the cross flow angle determination to 
the user. 

Hie different advantageous embodiments recognize and 
take into account that an automated system and method for 
accurately determining cross flow angles for inconsistencies 
and other features in a vehicle thermal protection system may 
be implemented in a computer system. Such an automated 
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system may generate and display cross flow angles in a more 
rapid, efficient, and user-friendly manner than current mostly 
manual methods for determining cross flow angles. Thus, the 
different advantageous embodiments provide systems and 
5 methods for rapidly and accurately analyzing inconsistencies 
and other features in a vehicle thermal protection system. The 
advantageous embodiments also provide systems and meth- 
ods for more efficiently reworking such inconsistencies, if 
needed. This advantage is achieved by more efficiently deter- 
to mining the cross flow parameters needed to make the analysis 
required to ensure that such reworking will withstand the 
aerodynamic heating of thermal protection system structures, 
surfaces, tiles, gap fillers, cavities, and the like. 

Turning now to FIG. 5, an illustration of a block diagram of 
15 an aerodynamic analysis environment is depicted in accor- 
dance with an advantageous embodiment. In this example, an 
aerodynamic analysis environment 500 may be used to per- 
form an aerodynamic analysis for an aerospace vehicle, such 
as for the aerospace vehicle 200 in FIG. 2. For example, the 
20 aerodynamic analysis environment 500 may be used to per- 
form an aerodynamic heating analysis 502 of the thermal 
protection system 216 for the aerospace vehicle 200. In accor- 
dance with an advantageous embodiment, the aerodynamic 
analysis environment 500 may be an aerodynamic condition 
25 analyzer. 

The aerodynamic analysis environment 500 may comprise 
a computer system 504. The computer system 504 may 
include a number of computers 506 in this example. When 
more than one computer is present in the number of comput- 
30 ers 506, the number of computers 506 may be in communi- 
cation with each other using wired or wireless communica- 
tions links, or both. The number of computers 506 may be 
linked together by various communications links forming a 
network or other communications system. 

35 In accordance with an advantageous embodiment, the 
aerodynamic analysis environment 500 may be implemented 
as a ground-based system, as a vehicle-based system, or as a 
system with the various functions thereof distributedbetween 
systems on the ground and systems in a vehicle. For example, 
40 without limitation, one or more functions of the aerodynamic 
analysis environment 500 may be implemented on board an 
aerospace vehicle, such as a spacecraft or aircraft. In any case, 
the aerodynamic analysis environment 500 may be used for 
aerodynamic analysis of a vehicle structure while the vehicle 
45 is in operation. 

The aerodynamic heating analysis 502 may be performed 
using the number of computers 506. Alternatively, the aero- 
dynamic heating analysis 502 may be performed using an 
aerodynamic heating analyzer. Hie aerodynamic heating 
50 analysis 502 may employ a simulation 508. The simulation 
508 may comprise a simulation of aerodynamic heating of a 
structure 512. Hie simulation 508 is run to obtain results 510. 
The results 510 may comprise information describing the 
aerodynamic heating of the structure 512 for a particular 
55 scenario. The results 510 may be used to determine whether 
changes to the structure 512 are needed or desirable. For 
example, the results 510 may be used to determine whether 
maintenance, rework, or redesign of the structure 512 is 
needed or desirable. Hie simulation 508 may comprise any 
60 known computer implemented or other simulation of aerody- 
namic heating of a structure. 

In one example, the structure 512 comprises a thermal 
protection system 516 or a portion 518 of a thermal protection 
system 516. For example, the thermal protection system 216 
65 of the aerospace vehicle 200 in FIG. 2 may be one example of 
the thermal protection system 516 for the structure 512. Loca- 
tions on the structure 512 may be identified by coordinates in 
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a coordinate system 519. For example, the coordinate system 
519 may be defined with respect to the structure 512. 

In one embodiment, the thermal protection system 516 
may be formed with a number of tiles. In this case, the portion 
518 of the thermal protection system 516 may comprise, for 5 
example, a thermal insulating tile 520. In other embodiments, 
the thermal protection system 516 may not be formed from 
tiles. 

The portion 518 of the thermal protection system 516, such 
as the thermal insulating tile 520, may include one or more 10 
features 522. For example, such features 522 may include a 
cavity 524 or a gap filler 526. As discussed above, such 
features 522 may be caused by the impact of debris on the 
thermal protection system 516 or by other events. Such fea- 15 
tures 522 also may be referred to as inconsistencies. Other 
features 522 may not be the result of unintended or undesir- 
able impacts of debris or other events. For example, such 
other features 522 may comprise features that are part of the 
design of the thermal protection system 516. In any case, the 20 
presence of the features 522 may affect aerodynamic charac- 
teristics 528 of the structure 512. For example, the features 
522 may affect aerodynamic heating 514 of the structure 512. 

The simulation 508 may be run to determine the effects of 
the features 522 on the aerodynamic heating 514 of the struc- 25 
ture 512. Various parameters 530 may be used in running the 
simulation 508. For determining the effects of the features 
522 on the aerodynamic heating 514 of the structure 512, one 
ofthe parameters 530 is a cross flow angle 532. The cross flow 
angle 532 may be defined as an angle of airflow across the 30 
structure 512 with respect to at least one ofthe features 522. 

In accordance with an advantageous embodiment, the cross 
flow angle 532 may be detennined by a cross flow function 
534. In accordance with an advantageous embodiment, the 
cross flow function 534 may be implemented by software 35 
running in the computer system 504. In accordance with 
another advantageous embodiment, the cross flow function 
534 may be implemented in a cross flow analyzer. 

In accordance with an advantageous embodiment, the 
cross flow function 534 may generate the cross flow angle 532 40 
at least in part from input information 536 provided by an 
information source 538. The information source 538 may be 
a human or an automatic system or device or a number of 
humans and machines operating in combination. The infor- 
mation source 538 may include any number of human 45 
sources, machine sources, or human and machine sources 
operating independently or in any combination and using any 
method to obtain the information to be provided as the input 
information 536 as described herein. 

The information source 538 receives or obtains informa- 50 
tion about the features 522. For example, without limitation, 
the information about the features 522 may be obtained by the 
information source 538 via examination of photographic or 
video images of the portion 518 of the thermal protection 
system 516 that includes the features 522. 55 

In one example, the portion 518 of the thermal protection 
system 516 that includes the features 522 may be the thermal 
insulating tile 520 forming part of the thermal protection 
system 516 of a space shuttle. In this example, the informa- 
tion source 538 may include members of a space shuttle 60 
operation imaging team. The members of the space shuttle 
operation imaging team may identify and obtain information 
regarding the features 522 of the space shuttle thermal pro- 
tection system 516 by viewing images of the thermal protec- 
tion system 516. Alternatively, such information may be 65 
obtained by or with the aid of automated image analysis of the 
images of the thermal protection system 516. In this case, for 
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example, the information source 538 may include an auto- 
mated image analysis system or function. 

A user 540 may obtain the information to be entered as the 
input information 536 from the information source 538. For 
example, without limitation, the user 540 may be a human 
operator. Alternatively, the user 540 may be a machine opera- 
tor or a human and machine operating together. The user 540 
may obtain information from the information source 538 via 
any method, device, or system of communication between the 
information source 538 and the user 540. In one advantageous 
embodiment, the user 540 and the information source 538 
may be one and the same. In another advantageous embodi- 
ment, the user 540 may be a part of the information source 
538. 

The user 540 may enter the input information 536 into the 
aerodynamic analysis environment 500 for use by the cross 
flow function 534 via a user interface system 542. The user 
interface system 542 may be implemented in any maimer 
appropriate for receiving the input information 536 from the 
user 540. Fora human user 540, the user interface system 542 
may comprise conventional devices providing for interaction 
between the user 540 and the computer system 504. For 
example, without limitation, the user interface system 542 
may comprise a monitor or other display device in combina- 
tion with a keyboard, mouse, or other data entry device. 

A user interface 544 may be provided on user interface 
system 542. For example, without limitation, the user inter- 
face 544 may be a graphical user interface. The user interface 
544 may facilitate efficient and accurate input of the input 
information 536 into the aerodynamic analysis environment 
500. The user interface 544 may be generated by a user 
interface generator function 546. The user interface generator 
function 546 may be implemented as part of the cross flow 
function 534 or as a separate application in communication 
with the cross flow function 534. 

The user interface 544 may prompt the user 540 to select 
whether the cross flow angle 532 is to be detemiined for the 
cavity 524 or for the gap filler 526. In response to such 
prompting, the user 540 may make a cavity or gap filler 
selection 548. Different input information 536 may be used 
by the cross flow function 534 to determine the cross flow 
angle 532, depending upon whether the determination is to be 
made for the cavity 524 or for the gap filler 526 . Therefore, the 
user interface generator function 546 may generate the user 
interface 544 to prompt the user 540 to enter the specific input 
information 536 that is needed for the determination of the 
cross flow angle 532 for either the cavity 524 or for the gap 
filler 526 based on the cavity or gap filler selection 548. The 
cavity or gap filler selection 548 also determines the pro- 
cesses that will be performed by a determine cross flow func- 
tion 550 to generate the cross flow angle 532. The determine 
cross flow function 550 may be implemented as part of the 
cross flow function 534. Alternatively, the determine cross 
flow function 550 may be implemented in a cross flow calcu- 
lator in communication with the cross flow function 534. 

In one example, the cavity or gap filler selection 548 may 
indicate that the cross flow angle 532 is to be calculated for the 
cavity 524. In this case, the user interface generator function 
546 may generate a graphical or other user interface 544 that 
prompts the user 540 to enter the input information 536 com- 
prising cavity information 552. The cavity information 552 
may comprise one or more of the following: cavity coordi- 
nates 554, a cavity angle 556, shear stress 558, a shear angle 
560, and a cutoff angle 562. The cavity information 552 may 
be used by the determine cross flow function 550 to determine 
the cross flow angle 532 for the cavity 524. 
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The cavity coordinates 554 are coordinates that are used to 
identify the location and orientation of the cavity 524 in the 
coordinate system 519. For example, without limitation, the 
cavity 524 may be identified by the cavity coordinates 554 for 
a first point located on a first side of the cavity 524 and by the 
cavity coordinates 554 for a second point located on a second 
side of the cavity 524. Preferably, the first point and the 
second point are selected to be approximately centered on the 
first side and the second side, respectively, of the cavity 524. 
The first side and the second side of the cavity 524 preferably 
are opposite sides of the cavity 524 at the opposite ends of the 
longest dimension of the cavity 524 across the surface of the 
thermal insulating tile 520 or other portion 518 of the thermal 
protection system 516 or other structure 512. 

The cavity angle 556 may identify the orientation of the 
longest dimension of the cavity 524 across the surface of the 
thermal insulating tile 520 or other portion 518 of the thermal 
protection system 516 or other structure 512. As will be 
described in more detail below, the cavity angle 556 may be 
determined by the determine cross flow function 550 from the 
cavity coordinates 554. Alternatively, the cavity angle 556 
may be entered by the user 540 as part of the input informa- 
tion 536. 

The shear stress 558 is the shear stress at the location of the 
cavity 524 on the thermal insulating tile 520 or other portion 
518 of the thermal protection system 516 or other structure 
512. The shear stress 558 also may be referred to as flow 
velocity at the location of the cavity 524. The shear stress 558 
may be entered as the input information 536 by the user 540. 
For example, without limitation, the shear stress 558 may be 
entered by the user 540 as shear stress magnitudes in direc- 
tions along axes of the coordinate system 519 at the location 
of the cavity 524. 

As another alternative, the shear stress 558 at the location 
of the cavity 524 may be obtained or derived from informa- 
tion stored in a shear stress database 564. For example, with- 
out limitation, the shear stress database 564 may contain 
database entries for multiple point locations on the structure 
512. Each such database entry may comprise shear stress 
properties for a corresponding point location on the structure 
512 as calculated for a particular scenario. In one example, 
without limitation, the shear stress database 564 may contain 
shear stress properties for point locations on the surface of a 
space shuttle as calculated for a space shuttle reentry scenario 
at Mach 18. 

The cross flow function 534 may employ a determine clos- 
est point function 566 to identify which database entry 568 in 
the shear stress database 564 contains the shear stress infor- 
mation that is to be used to determine the cross flow angle 532 
for a particular cavity 524 . For example, the determine closest 
point fimction 566 may identify the database entry 568 for a 
point location on the structure 512 that is closest to the loca- 
tion of the cavity 524 on the structure 512. The determine 
closest point function 566 may identify the desired database 
entry 568 using the cavity coordinates 554. For example, a 
cavity point location 569 may be determined to be the loca- 
tion of a center point between the two end points entered as 
the cavity coordinates 554, as described above. Distances 
between the determined cavity point location 569 and point 
locations on the structure 512 for which entries are provided 
in the shear stress database 564 may be determined. Efficient 
implementation of this distance determination will depend 
upon how point locations are represented in the shear stress 
database 564. The database entry 568 for a point location on 
the structure 512 having the shortest determined distance to 
the cavity point location 569 may be selected as the database 
entry 568 from which shear stress information for the cavity 
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524 is obtained. The shear angle 560 for the cavity 524 also 
may be determined from the shear stress information 
retrieved from the selected database entry 568. 

The shear angle 560 is the angle of the shear stress 558 at 
5 the location of the cavity 524. The shear angle 560 may be 
referred to also as the flow angle. As will be described in more 
detail below, the shear angle 560 may be determined by 
determine cross flow function 550 from the shear stress 558. 
Alternatively, the shear angle 560 may be entered by the user 
to 540 as part of the input information 536. 

The cutoff angle 562 is an angle value under which cross 
flow is to be considered negligible. In accordance with an 
advantageous embodiment, a default value for the cutoff 
angle 562 may be provided. For example, without limitation, 
15 the default value for the cutoff angle 562 may be about 30 
degrees. The user 540 may override the default cutoff angle 
value by entering a different value for the cutoff angle 562 as 
the input information 536. In one advantageous embodiment, 
any value for the cutoff angle 562 up to about 45 degrees may 
20 be acceptable for entry by the user 540 as the input informa- 
tion 536. A limit of about 45 degrees for the value of the cutoff 
angle 562 may be provided, for example, because the deter- 
mine cross flow function 550 may employ a flip cavity func- 
tion 563. The flip cavity function 563 may operate to switch 
25 the cavity direction by about 90 degrees if the angle between 
the flow and the cavity centerline exceeds about 45 degrees. 

In another example, the cavity or gap filler selection 548 
may indicate that the cross flow angle 532 is to be calculated 
for the gap filler 526. In this case, the user interface generator 
30 function 546 may generate a graphical or other user interface 
544 that prompts the user 540 to enter the input information 
536 comprising gap filler information 570. For example, 
without limitation, the gap filler information 570 may com- 
prise as follows: a tile identification 572, a tile side selection 
35 574, and an edge velocity 576. The gap filler information 570 
may be used by the determine cross flow function 550 to 
determine the cross flow angle 532 for the gap filler 526. 

The tile identification 572 identifies the themial insulating 
tile 520 adjacent to the gap filler 526. For example, without 
40 limitation, the tile identification 572 may comprise a tile 
number or other alphanumeric indicator for the thermal insu- 
lating tile 520. 

The tile identification 572 may be used by the cross flow 
function 534 to locate and retrieve tile information 578 for the 
45 identified thermal insulating tile 520 from a tile database 580. 
The cross flow fimction 534 may obtain the correct tile infor- 
mation 578 from the tile database 580 by using the tile iden- 
tification 572 to query the tile database 580 for a database 
entry for the thermal insulating tile 520 identified by the tile 
50 identification 572. The tile information 578 stored in the tile 
database 580 may comprise, for example, without limitation, 
information defining the shape and dimensions of the thermal 
insulating tile 520 and information defining the location and 
orientation of the thermal insulating tile 520 with respect to 
55 the structure 512. 

The tile side selection 574 identifies a side of the thermal 
insulating tile 520 identified by the tile identification 572 that 
is adjacent to the gap filler 526. The tile side selection 574 
may be made by the user 540 using a graphical or other user 
60 interface 544 that may be generated by the user interface 
generator function 546. The user interface generator fimction 
546 may use the tile information 578 retrieved from the tile 
database 580 to generate the user interface 544 for making the 
tile side selection 574 by the user 540. For example, without 
65 limitation, the user interface generator function 546 may use 
the tile information 578 to generate a graphical representation 
of the thermal insulating tile 520 identified by the tile identi- 
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fication 572 as part of the user interface 544. The user 540 
may then interact with this graphical representation as part of 
the user interface 544 to make the tile side selection 574. 

A gap filler angle 581 is an angle of the gap filler 526 for 
which the cross flow angle 532 is to be determined. The gap 5 
filler angle 581 may be determined by the cross flow function 
534 from the tile information 578 and the tile side selection 
574. For example, without limitation, the gap filler angle 581 
may be determined to be the angle of the side of the thermal 
insulating tile 520 identified by the tile side selection 574. to 
This angle information may be retrieved from the tile infor- 
mation 578 for the relevant thermal insulating tile 520 in the 
tile database 580. 

The edge velocity 576 is the velocity of air flow at the 
location of the gap filler 526 . Values for the edge velocity 576 15 
may be entered into the aerodynamic analysis environment 
500 by the user 540 as the input information 536. 

Alternatively, the edge velocity 576 at the location of the 
gap filler 526 may be retrieved from an edge velocity database 
582. For example, without limitation, the edge velocity data- 20 
base 582 may comprise database entries for a number of point 
locations on the structure 512. Each of these database entries 
may comprise edge velocity information for the correspond- 
ing point location as determined for a particular scenario. In 
one example, without limitation, the edge velocity database 25 
582 may comprise edge velocity information for a number of 
point locations on the surface of a space shuttle as determined 
for a space shuttle reentry scenario at Mach 18. 

The cross flow function 534 may employ the determine 
closest point function 566 to identify a database entry 584 in 30 
the edge velocity database 582 from which edge velocity 
information may be retrieved to determine the cross flow 
angle 532 for a particular gap filler 526. For example, the 
determine closest point function 566 may be used to identify 
the database entry 584 in the edge velocity database 582 for a 35 
point location that is closest to a gap filler location 585. The 
gap filler location 585 is a location of the gap filler 526 on the 
structure 512 for which the cross flow angle 532 is to be 
determined. In one example, without limitation, the gap filler 
location 585 may be determined from the tile information 578 40 
and the tile side selection 574. 

For example, the gap filler location 585 may be determined 
to be the location of the midpoint of the side of the thermal 
insulating tile 520 identified by the tile side selection 574. 
Distances between the gap filler location 585 and the point 45 
locations for which database entries are provided in the edge 
velocity database 582 may be determined. Efficient imple- 
mentation of the distance determination will depend upon 
how the point locations are represented in the edge velocity 
database 582. The database entry 584 for the point location in 50 
the edge velocity database 582 having the shortest determined 
distance to the gap filler location 585 may then be selected as 
the database entry 584 from which the edge velocity 576 used 
to determine the cross flow angle 532 of the gap filler 526 is 
obtained or determined. 55 

In accordance with an advantageous embodiment, a cross 
flow angle 532 for one of the features 522 may be determined 
by the determine cross flow function 550 using an angle of the 
feature 586 and a flow angle 588. For example, the angle of 
the feature 586 may be the angle of one of the features 522 60 
with respect to the structure 512. The flow angle 588 may be 
the angle of the flow of air or of another fluid with respect to 
the structure 512 at the location of the feature on the structure 
512. For the cavity 524, for example, the angle of the feature 
586 may be the cavity angle 556, and the flow angle 588 may 65 
be the shear angle 560. For the gap filler 526, for example, the 
angle of the feature 586 may be the gap filler angle 581, and 
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the flow angle 588 may be determined from the edge velocity 
576 in any known manner. In any case, the cross flow angle 
532 may be determined by the determine cross flow function 
550 as the angular difference between the angle of the feature 
586 and the flow angle 588. 

The cross flow angle 532 determined by the determine 
cross flow function 550 may be provided for use as one of the 
parameters 530 used in an aerodynamic heating analysis 502 
or other aerodynamic analysis. 

Alternatively, or additionally, the cross flow angle 532 may 
be presented on a display device 590. For example, without 
limitation, the display device 590 may comprise a computer 
monitor or any other display device associated with the com- 
puter system 504. The cross flow angle 532 may be presented 
on the display device 590 as a cross flow angle output 592 in 
one or more forms. For example, the cross flow angle output 
592 may comprise a text display 594 of the cross flow angle 
532, a graphic display 596 of the cross flow angle 532, or 
both. 

The cross flow angle 532 may be presented to the user 540 
on the display device 590. In this case, for example, the cross 
flow angle output 592 may be presented on the user interface 
system 542, and the display device 590 may be a component 
of the user interface system 542. 

The graphic display 596 of the cross flow angle 532 may be 
presented in a maimer such that the user 540 is able to verify 
easily that the cross flow angle 532, as determined by the 
cross flow function 534, is correct. For example, without 
limitation, the graphic display 596 may comprise a graphical 
representation of the cross flow angle 532 overlaid on an 
image orrepresentation of the portion 518 of the structure 512 
forwhich the cross flow angle 532 was determined. A graphi- 
cal representation of the angle of the feature 586 or a graphi- 
cal representation of the flow angle 588, or both, also may be 
included in the graphic display 596 of the cross flow angle 
532. 

The cross flow angle 532 also may be stored for later 
recovery and use. For example, without limitation, the cross 
flow angle 532 may be stored in a cross flow angle results 
database 598. The cross flow angle results database 598 may 
be a part of or separate from the computer system 504. 

The cross flow angle 532 may be provided by the cross flow 
function 534 in different formats, depending on the intended 
use of the cross flow angle 532. For example, without limita- 
tion, the cross flow angle 532 may be provided in degrees for 
display on the text display 594. Alternatively or additionally, 
the cross flow angle 532 may be provided in radians for use in 
the simulation 508 or for other calculations using the cross 
flow angle 532 that may be performed in the aerodynamic 
analysis environment 500. 

The illustration and description of the aerodynamic analy- 
sis environment 500 in FIG. 5 is not meant to imply physical 
or architectural limitations to the manner in which different 
advantageous embodiments may be implemented. Other 
components in addition to and/or in place of the ones illus- 
trated may be used. Some components may be unnecessary in 
some advantageous embodiments. Also, the blocks are pre- 
sented to illustrate some functional components. One or more 
of these blocks may be combined and/or divided into different 
blocks when implemented in different advantageous embodi- 
ments. 

For example, advantageous embodiments may be used to 
determine cross flow angles for features in various structures 
other than thermal protection systems. Advantageous 
embodiments may be used to determine cross flow angles for 
features on any surface of an aircraft, a ground vehicle, a car, 
a train, or any structure or component thereof for which a 
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determination of the aerodynamic effect of a feature is 
desired. Furthermore, advantageous embodiments may be 
used to determine cross flow angles for features on structures 
that may be made of any material in which the presence of a 
feature may affect aerodynamic performance of the structure. 5 

In some advantageous embodiments, the cross flow angle 
532 may be used as an input for an aerodynamic analysis 
other than the aerodynamic heating analysis 502. For 
example, the cross flow angle 532 may be used as an input for 
any type of aerodynamic analysis where cross flow angle is a to 
relevant factor. 

The various functions illustrated in FIG. 5 may be imple- 
mented together in a single device or system at a single 
location or may be implemented on more than one device or 
system at one or more locations. As mentioned above, advan- 15 
tageous embodiments may be implemented in whole or in 
part on a vehicle, such as on an aerospace vehicle. Other 
advantageous embodiments may be implemented in whole or 
in part on a system located on the ground. 

Turning now to FIG. 6, an illustration of a data processing 20 
system is depicted in accordance with an advantageous 
embodiment. In this advantageous example, a data processing 
system 600 to be described is an example of one implemen- 
tation of the computer system 504 of FIG. 5. In this advanta- 
geous example, the data processing system 600 includes a 25 
communications fabric 602. The communications fabric 602 
provides communications between a processor unit 604, a 
memory 606, a persistent storage 608, a communications unit 
610, an input/output (I/O) unit 612, and a display 614. 

The processor unit 604 serves to execute instructions for 30 
software that may be loaded into the memory 606. The pro- 
cessor unit 604 may be a set of one or more processors or may 
be a multi-processor core, depending on the particular imple- 
mentation. Further, the processor unit 604 may be imple- 
mented using one or more heterogeneous processor systems, 35 
in which a main processor is present with secondary proces- 
sors on a single chip. As another advantageous example, the 
processor unit 604 may be a symmetric multi-processor sys- 
tem containing multiple processors of the same type. 

The memory 606 and the persistent storage 608 are 40 
examples of storage devices 616. A storage device is any 
piece of hardware that is capable of storing information, such 
as, for example, without limitation, data, program code in 
functional form, and/or other suitable information either on a 
temporary basis and/or a permanent basis. The storage 45 
devices 616 may also be referred to as computer readable 
storage devices in these examples. The memory 606, in these 
examples, may be, for example, a random access memory or 
any other suitable volatile or non-volatile storage device. The 
persistent storage 608 may take various forms, depending on 50 
the particular implementation. For example, the persistent 
storage 608 may contain one or more components or devices. 

For example, the persistent storage 608 may be a hard drive, 
a flash memory, a rewritable optical disk, a rewritable mag- 
netic tape, or some combination of the above. The media used 55 
by the persistent storage 608 may be removable. For example, 
a removable hard drive may be used for persistent storage 
608. 

The co mmu nications unit 610, in these examples, provides 
for co mmu nication with other data processing systems or 60 
devices. In these examples, the communications unit 610 is a 
network interface card. The communications unit 610 may 
provide co mmu nications through the use of either or both 
physical and wireless communications links. 

Hie input/output unit 612 allows forthe input and output of 65 
data with other devices that may be connected to the data 
processing system 600. For example, the input/output unit 
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612 may provide a connection for user input through a key- 
board, a mouse, and/or some other suitable input device. 
Further, the input/output unit 612 may send output to a 
printer. The display 614 provides a mechanism to display 
information to a user. 

Instructions for the operating system, applications, and/or 
programs may be located in the storage devices 616, which 
are in communication with the processor unit 604 through the 
communications fabric 602. In these advantageous embodi- 
ments, the instructions are in a functional form on the persis- 
tent storage 608. These instructions may be loaded into the 
memory 606 for execution by the processor unit 604. The 
processes of the different embodiments may be performed by 
the processor unit 604 using computer-implemented instruc- 
tions, which may be located in the memory 606. 

These instructions are referred to as program instructions, 
program code, computer usable program code, or computer 
readable program code that may be read and executed by a 
processor in the processor unit 604. The program code, in the 
different embodiments, may be embodied on different physi- 
cal or computer readable storage media, such as the memory 
606 or the persistent storage 608. 

Program code 618 is located in a functional form on com- 
puter readable media 620 that is selectively removable and 
may be loaded onto or transferred to the data processing 
system 600 for execution by the processor unit 604. The 
program code 618 and the computer readable media 620 form 
a computer program product 622. In one example, the com- 
puter readable media 620 may be computer readable storage 
media 624 or computer readable signal media 626. The com- 
puter readable storage media 624 may include, for example, 
an optical or magnetic disk that is inserted or placed into a 
drive or other device that is part of the persistent storage 608 
for transfer onto a storage device, such as a hard drive, that is 
part of the persistent storage 608. The computer readable 
storage media 624 also may take the form of a persistent 
storage, such as a hard drive, a thumb drive, or a flash 
memory, that is connected to the data processing system 600. 
In some instances, the computer readable storage media 624 
may not be removable from the data processing system 600. 

Alternatively, the program code 618 may be transferred to 
the data processing system 600 using the computer readable 
signal media 626. The computer readable signal media 626 
may be, for example, a propagated data signal containing the 
program code 618. For example, computer readable signal 
media 626 may be an electromagnetic signal, an optical sig- 
nal, and/or any other suitable type of signal. These signals 
may be transmitted over communication links, such as wire- 
less communication links, an optical fiber cable, a coaxial 
cable, a wire, and/or any other suitable type of communica- 
tion link. In other words, the communication link and/or the 
comiection may be physical or wireless in the advantageous 
embodiments. 

In some advantageous embodiments, the program code 
618 may be downloaded over a network to the persistent 
storage 608 from another device or data processing system 
through the computer readable signal media 626 for use 
within the data processing system 600. For instance, program 
code stored in a computer readable storage media in a server 
data processing system may be downloaded over a network 
from the server to the data processing system 600. The data 
processing system providing the program code 618 may be a 
server computer, a client computer, or some other device 
capable of storing and transmitting the program code 618. 

The different components illustrated for the data process- 
ing system 600 are not meant to provide architectural limita- 
tions to the manner in which different embodiments may be 
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implemented. The different advantageous embodiments may 
be implemented in a data processing system including com- 
ponents in addition to or in place of those illustrated for the 
data processing system 600. Other components shown in 
FIG. 6 can be varied from the advantageous embodiments 
shown. The different embodiments may be implemented 
using any hardware device or system capable of executing 
program code. As one example, the data processing system 
600 may include organic components integrated with inor- 
ganic components and/or may be comprised entirely of 
organic components excluding a human being. For example, 
a storage device may be comprised of an organic semicon- 
ductor. 

In another advantageous example, the processor unit 604 
may take the form of a hardware unit that has circuits that are 
manufactured or configured for a particular use. This type of 
hardware may perform operations without needing program 
code to be loaded into a memory from a storage device to be 
configured to perform the operations. 

For example, when the processor unit 604 takes the form of 
a hardware unit, the processor unit 604 may be a circuit 
system, an application specific integrated circuit (ASIC), a 
programmable logic device, or some other suitable type of 
hardware configured to perform a number of operations. With 
a programmable logic device, the device is configured to 
perform the number of operations. The device may be recon- 
figured at a later time or may be permanently configured to 
perform the number of operations. Examples of program- 
mable logic devices include, for example, a programmable 
logic array, a programmable array logic, a field program- 
mable logic array, a field programmable gate array, and other 
suitable hardware devices. With this type of implementation, 
the program code 6 18 may be omitted, because the processes 
for the different embodiments are implemented in a hardware 
unit. 

In still another illustrative example, the processor unit 604 
may be implemented using a combination of processors 
found in computers and hardware units. The processor unit 
604 may have a number of hardware units and a number of 
processors that are configured to run the program code 618. 
With this depicted example, some of the processes may be 
implemented in the number of hardware units, while other 
processes may be implemented in the number of processors. 

As another example, a storage device in the data processing 
system 600 is any hardware apparatus that may store data. 
The memory 606, the persistent storage 608, and the com- 
puter readable media 620 are examples of storage devices in 
a tangible form. 

In another example, a bus system may be used to imple- 
ment the communications fabric 602 and may be comprised 
of one or more buses, such as a system bus or an input/output 
bus. Of course, the bus system may be implemented using any 
suitable type of architecture that provides for a transfer of data 
between different components or devices attached to the bus 
system. Additionally, a communications unit may include one 
or more devices used to transmit and receive data, such as a 
modem or a network adapter. Further, a memory may be, for 
example, the memory 606 or a cache, such as found in an 
interface and memory controller hub that may be present in 
the communications fabric 602. 

Turning next to FIG. 7, a cavity in a thermal insulating tile 
is depicted in accordance with an advantageous embodiment. 
A cavity 702 is an example of a feature for which a cross flow 
angle may be determined in accordance with an advantageous 
embodiment. In this example, a thermal tile 700 and the 
cavity 702 may be examples of the thermal insulating tile 520 
and the cavity 524 in FIG. 5. The thermal tile 700 and the 
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cavity 702 are presented in FIG. 7 as notional examples for 
illustrating advantageous embodiments. Neither the thermal 
tile 700 nor the cavity 702 is intended to represent an actual 
structure. 

5 A location and orientation of the cavity 702 may be iden- 
tified by a first point 704 and a second point 706. The first 
point 704 is located on a first side 705 of the cavity 702. The 
second point 706 is located on a second side 707 of the cavity 
702. Preferably, the first point 704 is selected to be approxi- 
1 0 mately centered on the first side 7 05, and the second point 706 
is selected to be approximately centered on the second side 
707. The first side 705 and the second side 707 preferably are 
opposite sides of the cavity 702 located at opposite ends of the 
15 longest dimension of the cavity 702 across the surface of the 
thermal tile 700. 

Locations of the first point 704 and the second point 706 in 
physical space may be identified by coordinates of a three- 
dimensional coordinate system. For example, three-dimen- 
20 sional coordinates may be used to locate the first point 704 
and the second point 706 in a three-dimensional coordinate 
system defined with respect to a structure to which the ther- 
mal tile 700 is attached. In this example, the location of the 
first point 704 is defined by coordinates (7, -15, 24). The 
25 location of the second point 706 is defined by coordinates (8, 
-13,24). 

In accordance with an advantageous embodiment, the ori- 
entation of a line 708 extending between the first point 704 
and the second point 706 defines an orientation of the cavity 
30 702 in the coordinate space. In this disclosure, the orientation 
of the cavity 702 also may be referred to as the cavity angle or 
as the angle of the feature. The cavity angle for the cavity 702 
may be determined from the locations of the first point 704 
and the second point 706 using standard geometric calcula- 
35 tions appropriate for the relevant coordinate system. 

A first vector 710 indicates sheer stress in an X direction in 
the coordinate system at the location of the cavity 702 in the 
coordinate system. In this example, the first vector 710 has a 
shear stress magnitude of 300 in the X direction. A second 
40 vector 712 indicates shear stress in a Y direction in the coor- 
dinate system at the location of the cavity 702 in the coordi- 
nate system. In this example, the second vector 712 has a 
shear stress magnitude of 250 in the Y direction. Shear stress 
may be referred to alternatively as flow velocity at the surface 
45 of the thermal tile 700 in the location of the cavity 702. 

The orientation of a third vector 714 represents the shear 
angle at the location of the cavity 702 in the coordinate 
system. The shear angle may be referred to alternatively as the 
flow angle. The third vector 714 may be derived from the X 
50 and Y components of the shear stress represented by the first 
vector 710 and the second vector 712 in a known manner. 

Turning now to FIG. 8, an example user interface in accor- 
dance with an advantageous embodiment is illustrated. In this 
example, a user interface 800 is an example of a user interface 
55 for obtaining cavity information from a user. The cavity infor- 
mation obtained from the user via the user interface 800 may 
be used for determining a cross flow angle for the cavity. In 
this example, the user interface 800 is one example of an 
implementation of the user interface 544 in FIG. 5. 

60 The user interface 800 may prompt a user to select either a 
first radio button 802 or a second radio button 804. If the first 
radio button 802 is selected, the user may enter three-dimen- 
sional coordinate information for a cavity. For example, with- 
out limitation, the user may be prompted to enter first three- 
65 dimensional coordinates 806 for the midpoint of one side of 
the cavity and second three-dimensional coordinates 808 for 
the midpoint of the opposite side of the cavity. In this 
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example, the coordinates for the cavity 702 of FIG. 7 have 
been entered into the user interface 800 after the user selected 
the first radio button 802. 

If the second radio button 804 is selected, the user may 
enter a cavity angle 810. As mentioned elsewhere in this 5 
disclosure, if the cavity angle 810 is not entered directly via 
the user interface 800, the cavity angle for the cavity may be 
determined from the provided first three-dimensional coordi- 
nates 806 and the second three-dimensional coordinates 808 
in a known maimer. 10 

The user interface 800 also may prompt the user to select 
alternatively a third radio button 812, a fourth radio button 
814, or a fifth radio button 816. If the third radio button 812 is 
selected, the user may enter magnitude values 818 for the I5 
shear stress in the X and Y directions at the location of the 
cavity. In this example, shear stress magnitudes for the 
example in FIG. 7 have been entered into the user interface 
800 after the user selected the third radio button 812. 

If the fourth radio button 814 is selected, a shear angle 820 20 
at the cavity location may be entered. As mentioned else- 
where in this disclosure, if the shear angle 820 is not entered 
directly by the user via the user interface 800, the shear angle 
for the cavity location may be determined from the X and Y 
component shear stress magnitude values 818 in a known 25 
manner. 

If the fifth radio button 816 is selected, the shear angle for 
the cavity location will be determined from shear stress infor- 
mation stored in a shear stress database. For example, without 
limitation, the shear stress database may comprise a number ,(1 
of database entries for a number of point locations on a 
structure. Each of the database entries may comprise shear 
stress information for the corresponding point location on the 
struchire as determined for a particular scenario. In this , . 
example, the shear stress information in the shear stress data- 
base may comprise shear stress information determined for a 
space shuttle reentry scenario at Mach 18. 

The database entry in the shear stress database from which 
the shear stress information will be obtained may be identi- 40 
fied by first determining a point location for the cavity. For 
example, the point location for the cavity may be determined 
as the center point location between the locations of the points 
on the opposite sides of the cavity that were entered to iden- 
tify the cavity location. Once the point location for the cavity 45 
is determined, the database entry in the shear stress database 
for the point location on the structure that is closest to the 
cavity point location may be identified. The shear stress infor- 
mation may then be obtained from this identified database 
entry to determine the shear angle for the cavity location. 50 

The user interface 800 also may prompt the user to enter a 
cutoff angle 822. The cutoff angle 822 is the angle under 
which cross flow is to be considered negligible. In accordance 
with an advantageous embodiment, a default value for the 
cutoff angle 822 may be provided in the user interface 800. 55 
The user may use the user interface 800 to override the default 
cutoff angle value. 

After entering the information required by the user inter- 
face 800, the user may be prompted to select a go button 824 . 
Selecting the go button 824 may initiate the automatic deter- 60 
mination of a cross flow angle for the defined cavity. 

Turning now to FIG. 9, an example output presentation is 
depicted in accordance with an advantageous embodiment. 

An example output presentation 900 displays a cavity cross 
flow angle. In this example, the output presentation 900 is one 65 
example of the cross flow angle output 592 of FIG. 5. The 
output presentation 900 displays the results of a cross flow 
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angle determination for a cavity in multiple forms. For 
example, the cavity cross flow angle may be presented in a 
textual form 902. 

The shear or flow angle with respect to the structure coor- 
dinate system at the location of the cavity on the structure may 
be represented in graphical form in the output presentation 
900 as a flow line 904. In this example, the flow line 904 is 
overlaid on normalized axes 906. The angle of the flow line 
904 with respect to the axes 906 indicates the shear or flow 
angle. 

A cavity representation 908 also may be included in the 
output presentation 900. In this example, the cavity represen- 
tation 908 may be a rough representation of the cavity that is 
provided to indicate the cavity angle with respect to the struc- 
ture coordinate system. For example, without limitation, the 
cavity representation 908 may be a rectangle centered on the 
axes 906 with the orientation of the long axis of the rectangle 
indicating the cavity angle. A cavity centerline 910 also may 
be displayed in the output presentation 900. The cavity cen- 
terline 910 may be shown to run perpendicular to the long axis 
of the cavity representation 908. The orientation of the cavity 
centerline 910 also indicates the cavity angle. The angle 
between the flow line 904 and the cavity centerline 910 pro- 
vides a graphical indication of the cross flow angle. The 
combined display of the flow line 904, the cavity representa- 
tion 908, and the cavity centerline 910 in the output presen- 
tation 900 thus may provide for easy visual verification by a 
user of the cross flow angle determination. 

The cross flow angle output presentation 900 may include 
additional graphics or other information to assist a user in 
understanding or verifying the cross flow angle determination 
being presented. For example, without limitation, a structure 
representation 912 may be provided in the output presenta- 
tion 900. The structure representation 912 may be a represen- 
tation of the structure on which the cavity is located. The 
structure representation 912 may be provided to illustrate the 
orientation of the axes 906 with respect to the structure. In this 
example, the structure representation 912 is a representation 
of a space shuttle orbiter. 

Coordinates 914 and 916 and shear stress vectors 918 also 
may be displayed in the cavity cross flow angle output pre- 
sentation 900. The displayed coordinates 914 and 916 may be 
the coordinates for the cavity that were entered by the user. 
The displayed shear stress vectors 918 may represent graphi- 
cally and numerically the direction and magnitude of the 
shear stress that was used to determine the cross flow angle. 

Turning now to FIG. 10, another example of a user inter- 
face is depicted in accordance with an advantageous embodi- 
ment. In this example, a user interface 1000 is an example of 
a user interface for obtaining a tile identification from a user. 
The tile identification may be used for determining a cross 
flow angle for a gap filler lodged in a gap adjacent to the tile. 
In this example, the user interface 1000 is another example of 
the user interface 544 in FIG. 5. 

The user interface 1000 may prompt the user to enter the 
identification of a tile adjacent to a gap filler for which a cross 
flow angle is to be determined. For example, without limita- 
tion, the user interface 1000 may prompt the user to enter a tile 
identification number 1002 to identify the tile. The entered 
tile identification number 1002 may be used to retrieve tile 
information for the identified tile from a tile database. The 
retrieved tile information may be used to generate the next 
user interface to be described herein. After the tile identifica- 
tion number 1002 is entered, the user may be prompted to 
select a map it button 1004 to proceed to the next user inter- 
face. 
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Turning now to FIG. 11, an example of another user inter- 
face is depicted in accordance with an advantageous embodi- 
ment. In this example, a user interface 1100 may be used to 
obtain a tile side selection and edge velocity information from 
a user. The tile side selection and the edge velocity informa- 
tion may be used to determine a cross flow angle for a gap 
filler. In this example, the user interface 1100 is another 
example of the user interface 544 of FIG. 5. 

The user interface 1100 may include a graphical represen- 
tation 1102 of the tile previously identified. The graphical 
representation 1102 may be generated from tile information 
for the identified tile that is obtained from a tile database. The 
graphical representation 1102 may represent the shape of the 
tile and the orientation of the tile with respect to the structure 
on which the tile is located. In this example, the represented 
tile is triangular in shape. The graphical representation 1102 
may be overlaid on a coordinate grid 1104 showing a part of 
the coordinate system for the structure on which the tile is 
located. Coordinates 1106, 1108, and 1110 for the corners of 
the tile in this coordinate system also may be displayed. 

A pull-down menu 1112 or other interface may prompt the 
user to make a side selection by selecting one of the sides of 
the represented tile that is adjacent to the gap filler for which 
a cross flow angle is to be calculated. After a side selection is 
made, the side of the graphical representation 1102 corre- 
sponding to the side of the tile that was selected may be 
highlighted. For example, without limitation, the side of the 
graphical representation 1102 corresponding to the side of the 
tile selected may be displayed with a different color or line 
width. The side selection made using the pull-down menu 
1112 may be locked by the user by selecting a lock selection 
button 1114. As discussed above, the side selection may be 
used to determine the angle of the gap filler. For example, the 
angle of the gap filler may be determined to be the angle of the 
selected side of the tile adjacent to the gap filler. The angle of 
the selected side of the tile may be determined from the tile 
information for the tile in the tile database. 

The user interface 1100 also may prompt the user to enter 
edge velocity values 1116 for the locationof the gap filler. For 
example, without limitation, the graphical userinterface 1100 
may prompt the user to enter X and Y direction magnitude 
values for the edge velocity at the location of the gap filler. 

Rather than entering the edge velocity values 1116, the user 
may select a check box 1118. By selecting the check box 
1118, the edge velocity for the gap filler location will be 
determined from edge velocity information stored in an edge 
velocity database. For example, without limitation, the edge 
velocity database may comprise database entries for a num- 
ber of point locations on a structure. Each of the database 
entries may comprise edge velocity information for the cor- 
responding point location as determined for a particular sce- 
nario. In this example, the edge velocity information in the 
edge velocity database may comprise edge velocity informa- 
tion determined for a space shuttle reentry scenario at Mach 
18 . 

The database entry in the edge velocity database from 
which the edge velocity information will be obtained may be 
identified by first determining a point location for the gap 
filler. For example, the point location for the gap filler may be 
determined as the center point location of the selected side of 
the tile adjacent to the gap filler. This point location may be 
determined from the tile side selection and the tile informa- 
tion for the tile that may be retrieved from the tile database. 
Once the point location for the gap filler is determined, the 
database entry in the edge velocity database for the point 
location on the structure that is closest to the gap filler point 
location may be identified. The edge velocity information 
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may then be obtained from this identified database entry to 
determine the edge velocity for the gap filler location. 

After entering the information required by the user inter- 
face 1100, the user may be prompted to select a go button 
5 1120. Selecting the go button 1120 may initiate the automatic 
determination of a cross flow angle for the gap filler. 

Turning now to FIG. 12, another output presentation is 
depicted in accordance with an advantageous embodiment. In 
this example, an output presentation 1200 displays a cross 
10 flow angle determined for a gap filler. In this example, the 
output presentation 1200 is another example of the cross flow 
angle output 592 of FIG. 5. The output presentation 1200 may 
display the cross flow angle determination for a gap filler in 
15 multiple forms. For example, the gap filler cross flow angle 
may be displayed in the output presentation 1200 in a textual 
form 1202. 

The cross flow angle output presentation 1200 also may 
display a representation 1204 of the selected tile overlaid on 
20 a coordinate grid 1206. The representation 1204 may be gen- 
erated from tile information for the identified tile that is 
obtained from a tile database. The representation 1204 may 
represent the shape of the tile and the orientation of the tile 
with respect to the structure on which the tile is located. In this 
25 example, the represented tile is triangular in shape. The coor- 
dinate grid 1206 may show a part of the coordinate system for 
the structure on which the tile is located. Coordinates 1214, 
1216, and 1218 for the comers of the tile in this coordinate 
system also may be displayed. 

30 A flow line 1208 also may be displayed on the output 
presentation 1200. The flow line 1208 may be displayed 
overlaid on the representation 1204 of the tile and the coor- 
dinate grid 1206. For example, the flow line 1208 may inter- 
sect a side 1210 of the representation 1204 of the tile corre- 
35 sponding to the selected side of the tile adjacent to the gap 
filler. The flow line 1208 may intersect the side 1210 of the 
representation 1204 of the tile at the midpoint thereof. As 
discussed above, the center of the side of the tile adjacent to 
the gap filler may correspond to the determined point location 
40 of the gap filler. Thus, the intersection point of the flow line 
1208 and the side 1210 may indicate the location of the gap 
filler for which the cross flow angle is determined. 

As discussed above, the orientation of the side 1210 cor- 
responds to the gap filler angle. The orientation of the flow 
45 line 1208 may indicate the flow angle for the location of the 
gap filler. The flow angle for the location of the gap filler may 
be determined from the edge velocity for the location of the 
gap filler in a known manner. The angle between the flow line 
1208 and the side 1210 provides a visual indication of the 
50 cross flow angle. The combined display of the flow line 1208 
and the representation 1204 of the tile in the output presen- 
tation 1200 may thus provide for easy visual verification of 
the cross flow angle determination by the user. 

The output presentation 1200 may include additional 
55 graphics or information to assist understanding or verification 
of the cross flow angle determination presented. For example, 
a structure representation 1212 may be displayed on output 
presentation 1200. The structure representation 1212 may be 
a representation of the structure on which the tile and the gap 
60 filler is located. The structure representation 1212 may be 
displayed to illustrate the orientation of the coordinate grid 
1206 with respect to the structure. In this example, the struc- 
ture representation 1212 is a representation of a space shuttle 
orbiter. 

65 Velocity vectors 1220 also may be displayed in the output 
presentation 1200. For example, the velocity vectors 1220 
may present graphically and numerically the direction and 
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magnitude of the edge velocity at the location of the gap filler 
that was used to determine the displayed cross flow angle. 

Turning now to FIG. 13, an illustration of a flowchart of a 
process for determining a cross flow angle is depicted in 
accordance with an advantageous embodiment. The process 5 
illustrated in FIG. 13 may be implemented, for example, in 
the aerodynamic analysis environment 500 in FIG. 5. 

A process for determining a cross flow angle in accordance 
with an advantageous embodiment may begin by receiving 
location information identifying a location of a feature on a to 
structure (operation 1300). For example, the feature may be a 
cavity, gap filler, or other inconsistency or other feature that 
may affect the aerodynamic characteristics of the structure. 
The location information may be received, for example, by a 
computer system from a user via a user interface. The location 15 
information may comprise, for example, without limitation, 
coordinate information or information identifying a tile in a 
thermal protection system associated with the feature. 

An angle of the feature is then determined (operation 
1302). The angle of the feature may be determined with 20 
respect to a coordinate system that is defined with respect to 
the structure on which the feature is located. For example, the 
angle of the feature may be determined using the location 
information received in the operation 1300. 

A database entry for the location is identified in a database 25 
comprising flow information for a plurality of points on the 
structure (operation 1304). The flow information may 
describe a flow of fluid across the structure. The operation 
1304 may include determining a point location for the feature. 
The database entry may then be identified as the database 30 
entry for the point on the structure that is closest to the point 
location. The flow information for the identified database 
entry may then be retrieved (operation 1306). 

A flow angle is then determined using the retrieved flow 
information (operation 1308). The flow angle may comprise 35 
an angle of the flow of fluid across the structure for the 
location of the feature. The cross flow angle for the feature 
may then be determined from the flow angle and the angle of 
the feature (operation 1310). The determined cross flow angle 
may then be presented to a user (operation 1312). For 40 
example, the operation 1312 may comprise presenting the 
cross flow angle to the user in multiple formats as part of a 
presentation displayed on a display device. After the cross 
flow angle is presented to the user, the process may terminate. 

Turning now to FIGS. 14A and 14B, illustrations of a 45 
flowchart of another process for determining cross flow 
angles is depicted in accordance with an advantageous 
embodiment. The method of FIGS. 14A and 14B also may be 
implemented, for example, in the aerodynamic analysis envi- 
ronment 500 in FIG. 5. 50 

A user may initially select whether a cross flow angle 
determination is to be performed for a cavity or for a gap filler 
(operation 1400). The operation 1400 may include presenting 
a mechanism on a user interface for the user to select either a 
cross flow angle determination for a cavity or a cross flow 55 
angle determination for a gap filler. 

Responsive to selecting a cross flow angle detennination 
for a cavity at the operation 1400, a user interface for collect- 
ing cavity and flow information may be displayed (operation 
1402). The user then enters the requested cavity and flow 60 
information via the user interface (operation 1404). Cavity 
information provided by the user at the operation 1404 may 
comprise cavity coordinate information or cavity angle infor- 
mation. 

Cavity coordinate information may include the coordinates 65 
of midpoints of opposite sides of the cavity. Flow information 
provided by the user at the operation 1404 may comprise 
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shear stress information for the location of the cavity, shear 
angle information for the cavity location, or an indication to 
retrieve flow information for the location of the cavity from a 
database. 

The operation 1404 also may include the user entering a 
cutoff angle or modifying a default cutoff angle provided on 
the user interface. After entering the required information at 
the operation 1404, the user may initiate the cross flow angle 
determination (operation 1406). The operation 1406 may 
include selecting a button in the graphical user interface pro- 
vided in the operation 1402 to initiate the determination. 

After initiating the cross flow angle determination, it may 
be determined whether the user entered or modified cutoff 
angle is less than 45 degrees (operation 1408). Only cutoff 
angles of less than 45 degrees make sense in the cross flow 
angle detennination to be perfonned. Therefore, if the user 
entered or modified cutoff angle is not less than 45 degrees, 
the process terminates. 

If the user entered or modified cutoff angle is less than 45 
degrees, it may be determined whether a cavity angle was 
entered directly at the operation 1404 (operation 1410). If it is 
determined that a cavity angle was entered directly, the cavity 
angle is set to the entered angle (operation 1412). If it is 
determined that a cavity angle was not entered directly, the 
cavity angle is calculated (operation 1416). The operation 
1416 may comprise determining the cavity angle from the 
cavity coordinate information entered at the operation 1404. 
For example, the operation 1416 may include determining the 
cavity angle as the orientation of a line extending through the 
midpoints of the opposite sides of the cavity for which coor- 
dinates were entered in the operation 1404. 

After the cavity angle is determined by the operation 1412 
or the operation 1416, it may be determined whether a shear 
angle was entered directly in the operation 1404 (operation 
1418). If a shear angle was entered directly, the flow angle is 
set to the entered angle (operation 1420). 

If a flow angle was not entered directly, it may be deter- 
mined whether the user indicated that the flow angle should 
be determined from flow information for the cavity location 
that is obtained from a database (operation 1422). If it is 
determined that the flow information is to be retrieved from a 
database, the flow information for the location of the cavity is 
retrieved from a database (operation 1424). The operation 
1424 may include identifying the database entry for a point on 
the structure that is closest to a point location of the cavity 
(operation 1426) and then retrieving the flow information for 
the database entry for the closest point (operation 1428). The 
operation 1426 may include determining the point location 
for the cavity as the location of the midpoint between the 
midpoints of the opposite sides of the cavity for which coor- 
dinates were entered in the operation 1404. The flow angle for 
the location of the cavity then may be determined from the 
flow information retrieved from the database in the operation 
1424 (operation 1430). 

If it is determined at the operation 1422 that flow informa- 
tion from a database will not be used to determine the flow 
angle, then the flow angle may be determined at step 1430 
from the shear stress information entered at the operation 

1404. 

After determining the flow angle at the operation 1420 or 
the operation 1430, the cross flow angle for the cavity may be 
determined (operation 1434). The cross flow angle may be 
determined as the angle between the cavity angle and the flow 
angle. It may be determined whether the cross flow angle is 
greater than 45 degrees (operation 1436). If it is determined 
that the cross flow angle is not greater than 45 degrees, the 
cross flow angle may be displayed (operation 1438), with the 
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process terminating thereafter. The operation 1438 may 
include generating and presenting textual and graphical rep- 
resentations of the cross flow angle on a user display device. 

If the cross flow angle is determined to be greater than 45 
degrees, the orientation of the cavity angle used to detemiine 5 
the cross flow angle may be flipped by 90 degrees (operation 
1440 ). For example, the orientation of the cavity angle may be 
flipped by flipping the X and Y axes in the coordinate system 
in which the cavity angle is represented. Thus, if the cross 
flow angle is greater than 45 degrees, the long edge of the to 
cavity may be moved from more parallel to the X axis to more 
perpendicular to the X axis. For example, if the cross flow 
angle determined in the operation 1434 is 80 degrees, the 
operation 1440 would make the short edge of the cavity more 
parallel to the X axis, and the new cross flow angle would be 15 
1 0 degrees. The cross flow angle may then be displayed in the 
operation 1438 , with the process terminating thereafter. The 
operation 1440 makes it so the cross flow angle displayed in 
the operation 1438 never exceeds 45 degrees. 

Returning now to the operation 1400 , in response to a user 20 
selecting a cross flow angle calculation for a gap filler at the 
operation 1400 , a user interface for the user to identify a tile 
may displayed (operation 1442 ). The user may enter the 
requested tile identification via the interface (operation 
1444 ). For example, the operation 1444 may include the user 25 
entering a tile number or other identification of a tile adjacent 
to the gap filler. 

After the user identifies a tile, a tile database is searched for 
tile information for the identified tile (operation 1446 ). It may 
be determined whether tile information for the tile is found in 30 
the tile database (operation 1448 ). If information for the tile 
identified in the operation 1444 is not found in the tile data- 
base, an error may be indicated (operation 1450 ). Hie process 
then may return to the operation 1442 , where the user may 
enter another tile identification. If tile information for the 35 
identified tile is found in the operation 1 448 , the tile informa- 
tion for the identified tile may be retrieved (operation 1452 ). 

A user interface for making side and edge velocity selec- 
tions may then be displayed to the user (operation 1454 ). The 
operation 1454 may include generating the user interface 40 
using the tile information retrieved in the operation 1452 . For 
example, user interface displayed in the operation 1454 may 
include a graphical representation of the identified tile. The 
graphical representation of the tile may be generated based on 
shape and orientation information for the tile in the tile infor- 45 
mation retrieved from the tile database. 

The user then may select a side of the tile and may enter 
edge velocity information for the location of the gap filler 
using the provided interface (operation 1456 ). For example, 
the user may select the side of the tile adjacent to the gap filler 50 
for which the cross flow angle is to be determined. The user 
may make this side selection by selecting the appropriate side 
of the representation of the tile displayed in the user interface. 
The operation 1456 also may include entering X and Y com- 
ponent edge velocity values for the location of the gap filler. 55 
Alternatively, the operation 1456 may include selecting by 
the user an option to retrieve edge velocity information stored 
in an edge velocity database. 

A point location of the gap filler may then be determined 
(operation 1458 ). For example, the operation 1458 may 60 
include determining the point location of the gap filler as the 
midpoint of the tile side selected by the user in the operation 

1456 . 

It may then be determined whether the user indicated at the 
operation 1456 that edge velocity information for the location 65 
of the gap filler is to be retrieved from a database (operation 
1460 ). If it is determined that edge velocity information is to 
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be retrieved from a database, the edge velocity information is 
retrieved from the database (operation 1462 ). 

The operation 1462 may include identifying the database 
entry in the edge velocity database for a point on the structure 
that is closest to the point location of the gap filler (operation 
1464 ). The operation 1464 may include identifying the data- 
base entry for the closest point to the point location of the gap 
filler using the point location of the gap filler determined in 
the operation 1458 . The edge velocity information may then 
be retrieved from the database entry for the point closest to the 
location of the gap filler (operation 1466 ). A flow angle may 
then be determined in a known manner from the edge velocity 
information retrieved from the database (operation 1468 ). If 
the user did not indicate at the operation 1460 that edge 
velocity information is to be retrieved from an edge velocity 
database to detemiine the flow angle, the X and Y component 
edge velocity values entered at the operation 1456 may be 
used to detemiine the flow angle in a known maimer in the 
operation 1468 . 

The cross flow angle for the gap filler then may be deter- 
mined (operation 1470 ). The operation 1470 may include 
determining the cross flow angle as the dot product of the flow 
angle determined in the operation 1468 and the angle of the 
selected tile side as determined from the tile information 
retrieved from the tile database in the operation 1452 . 

The cross flow angle may then be displayed (operation 
1472 ), with the process terminating thereafter. The operation 
1472 may include generating and presenting a textual and 
graphical display of the cross flow angle on a user display 
device. 

Systems and methods in accordance with advantageous 
embodiments as disclosed herein may be used to detemiine 
cross flow angles for features on structures other than insu- 
lating tiles for spacecraft. For example, without limitation, 
advantageous embodiments may be used to determine cross 
flow angles for features on thermal protection systems for 
spacecraft or aircraft that are formed without the use of tiles 
and using any materials. For example, advantageous embodi- 
ments may be used to detemiine cross flow angles for features 
on thermal protection systems and other structures on space- 
craft or aircraft made from ceramic composite materials, such 
as ceramic matrix composites, metals, metal ceramic matrix 
composites, carbon fiber composites, and/or any other mate- 
rials. 

Advantageous embodiments may be used to determine 
cross flow angles for features on spacecraft and aircraft struc- 
tures or components other than thermal protection system 
structures. For example, advantageous embodiments may be 
used to detemiine cross flow angles for features on control 
surfaces, engine components, and the like. 

Systems and methods in accordance with advantageous 
embodiments may be used to detemiine cross flow angles for 
features on any surface where the presence of such features 
may affect the aerodynamic characteristics of the surface. 
Cross flow angles determined in accordance with advanta- 
geous embodiments may be used to perform aerodynamic 
analysis of such surfaces. Such aerodynamic analysis may 
include aerodynamic heating analysis or any other aerody- 
namic analysis of interest in which cross flow may be a factor. 

The results of an aerodynamic analysis using cross flow 
angles determined in accordance with advantageous embodi- 
ments may be used to make rework or design decisions. Such 
an aerodynamic analysis may be performed during operation 
of a spacecraft or aircraft either on board the vehicle or 
remotely. In either case, the results of the aerodynamic analy- 
sis may be used to make rework decisions or other decisions 
in real time during vehicle operation. Such an aerodynamic 
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analysis may also be performed before a spacecraft or aircraft 
enters operation or after a vehicle completes operation. In 
either case, the results of the analysis may be used to make 
rework or design decisions. 

As will be appreciated by those skilled in the art, advanta- 5 
geous embodiments may be embodied as a system, method, 
or computer program product. Accordingly, advantageous 
embodiments may take the form of an entirely hardware 
embodiment, an entirely software embodiment (including 
firmware, resident software, micro-code, etc.), or an embodi- to 
ment combining software and hardware aspects that may all 
generally be referred to herein as a “circuit”, “module”, or 
“system”. Furthermore, advantageous embodiments may 
take the form of a computer program product embodied in one 
or more computer readable medium having computer read- 15 
able program code embodied thereon. 

Any combination of one or more computer readable 
medium may be utilized. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 20 
medium may be, for example, without limitation, an elec- 
tronic, magnetic, optical, electromagnetic, infrared, or semi- 
conductor system, apparatus, or device; or any suitable com- 
bination of the foregoing. More specific examples (a non- 
exhaustive list) of the computer readable storage medium 25 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com- 30 
pact disk read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina- 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain or store a program for use by or in 35 
connection with any system, apparatus, or device for running 
a program. A computer readable storage medium specifically 
excludes mere propagating signals. 

A computer readable signal medium may include a propa- 
gated data signal with computer readable program code 40 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, without limitation, electromag- 
netic, optical, or any suitable combination thereof. A com- 
puter readable signal medium may be any computer readable 45 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with any system, apparatus, or device 
for running a program. 

Program code embodied on a computer readable medium 50 
may be transmitted using any appropriate medium, including, 
but not limited to, wireless, wireline, optical fiber cable, RF, 
etc., or any suitable combination of the foregoing. 

Computer program code for carrying out operations for 
aspects of the advantageous embodiments may be written in 55 
any combination of one or more programming languages, 
including an object-oriented programming language, such as 
Java, Smalltalk, C++, or the like; and conventional procedural 
programming languages, such as the “C” programming lan- 
guage or similar progra mm ing languages. The program code 60 
may execute entirely on the user’s computer, partly on the 
user’ s computer, as a stand-alone software package, partly on 
the user’s computer and partly on a remote computer, or 
entirely on the remote computer or server. In the latter sce- 
nario, the remote computer may be connected to the user’s 65 
computer through any type of network, including a local area 
network (LAN) or a wide area network (WAN), or the con- 
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nection may be made to an external computer (for example, 
through the Internet using an Internet Service Provider). 

Aspects of the advantageous embodiments are described 
with reference to flowcharts and/or block diagrams of meth- 
ods, apparatus (systems), and computer program products 
according to various advantageous embodiments. It will be 
understood that each block of the flowcharts and/or block 
diagrams and combinations of blocks in the flowcharts and/or 
block diagrams can be implemented by computer program 
instructions. These computer program instructions may be 
provided to a processor of a general purpose computer, spe- 
cial purpose computer, or other programmable data process- 
ing apparatus to produce a machine, such that the instruc- 
tions, which execute via the processor of the computer or 
other programmable data processing apparatus, create means 
for implementing the functions/acts specified in the flowchart 
and/or block diagram block or blocks. 

These computer program instructions also may be stored in 
a computer readable medium that can direct a computer, other 
programmable data processing apparatus, or other devices to 
function in a particular maimer such that the instructions 
stored in the computer readable medium produce an article of 
manufacture including instructions which implement the 
function/act specified in the flowchart and/or block diagram 
block or blocks. 

The computer program instructions also may be loaded 
onto a computer, other programmable data processing appa- 
ratus, or other devices to cause a series of operational steps to 
be performed on the computer, other programmable appara- 
tus, or other devices to produce a computer-implemented 
process such that the instructions which execute on the com- 
puter or other programmable apparatus provide processes for 
implementing the functions/acts specified in the flowchart 
and/or block diagram block or blocks. 

The flowcharts and block diagrams in the figures illustrate 
the architecture, functionality, and operation of possible 
implementations of systems, methods, and computer pro- 
gram products according to various advantageous embodi- 
ments. In this regard, each block in the flowcharts or block 
diagrams may represent a module, segment, or portion of 
code, which comprises one or more executable instructions 
for implementing the specified logical function. It should also 
be noted that, in some alternative implementations, the func- 
tions noted in the block may occur out of the order noted in the 
figures. For example, two blocks shown in succession may, in 
fact, occur substantially concurrently, or the blocks may 
sometimes occur in the reverse order, depending upon the 
functionality involved. It will also be noted that each block of 
the block diagrams and/or flowcharts, and combinations of 
blocks in the block diagrams and/or flowcharts, can be imple- 
mented by special purpose hardware-based systems that per- 
form the specified functions or acts or combinations of spe- 
cial purpose hardware and computer instructions. 

The terminology used herein is for the purpose of describ- 
ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an”, and “the” are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com- 
prising,” when used in this specification, specify the presence 
of stated features, integers, steps, operations, elements, and/ 
or components but do not preclude the presence or addition of 
one or more other features, integers, steps, operations, ele- 
ments, components, and/or groups thereof. 

The corresponding structures, materials, acts, and equiva- 
lents of all means or step plus function elements in the claims 
below are intended to include any structure, material, or act 
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for performing the function in combination with other 
claimed elements as specifically claimed. 

The description of the different advantageous embodi- 
ments has been presented for purposes of illustration and 
description and is not intended to be exhaustive or to limit the 5 
embodiments in the form disclosed. Many modifications and 
variations will be apparent to those of ordinary skill in the art. 
Further, different advantageous embodiments may provide 
different advantages as compared to other advantageous 
embodiments. The embodiment or embodiments selected are to 
chosen and described in order to best explain the principles of 
the embodiments, the practical application, and to enable 
others of ordinary skill in the art to understand the disclosure 
for various embodiments with various modifications as are 
suited to the particular use contemplated. 15 

What is claimed is: 

1. A computer implemented method for determining a 

cross flow angle for a feature on a structure, wherein the 
feature comprises one of a cavity in the structure and a gap 
filler on the structure, the method comprising: 20 

receiving, by a processor, location information identifying 
a location of the feature on the structure; 
determining, by the processor, an angle of the feature; 
identifying, by the processor, flow information for the loca- 
tion, the flow information describing a flow of fluid 25 
across the structure; 

determining, by the processor, a flow angle using the flow- 
information, the flow angle comprising an angle of the 
flow of fluid across the structure for the location of the 
feature; and 30 

detennining, by the processor, the cross flow angle for the 
feature using the flow angle and the angle of the feature, 
wherein the cross flow angle comprises a first angle 
between a direction of the flow of the fluid across the 
structure and a second angle of the cavity or the gap 35 
filler. 

2 . The method of claim 1 , wherein the feature comprises a 
cavity in the structure; and receiving the location information 
comprises receiving location information identifying coordi- 
nates of the cavity, wherein the coordinates of the cavity 40 
comprise first coordinates for a first point on a first side of the 
cavity and second coordinates for a second point on a second 
side of the cavity. 

3. The method of claim 2 further comprising: 
determining the angle of the feature from the first coordi- 45 

nates and the second coordinates. 

4 . The method of claim 2 further comprising: 
determining a center point between the first point and the 

second point; and 

identifying the flow information for a point closest to the 50 
center point in a database comprising flow information 
for a plurality of points on the structure. 

5. The method of claim 1, wherein the feature comprises a 
gap filler, and further comprising: 

receiving the location information comprising a tile iden- 55 
tification identifying a tile adjacent to the gap filler in the 
structure; 

responsive to receiving the location information, retrieving 
tile information using the tile identification, the tile 
information describing a shape of the tile and an orien- 60 
tation of the tile on the structure; 
displaying a graphical representation of sides of the tile on 
a graphical user interface using the tile information; 
receiving via the graphical user interface, a selection of one 
of the sides of the tile adjacent to the gap filler; 65 

responsive to receiving the selection of the one of the sides, 
determining an angle for the one of the sides; and 
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detennining the angle of the feature from the angle for the 
one of the sides. 

6. The method of claim 5, wherein the tile identification 
comprises a tile number. 

7. The method of claim 5 further comprising: 
detennining a point location for the gap filler, the point 

location comprising a midpoint of the one of the sides; 
and 

identifying the flow information for a point closest to the 
point location in a database comprising flow infonnation 
for a plurality of points on the stmcture. 

8 . The method of claim 1 further comprising: 
performing, by the processor, an aerodynamic simulation 

using the cross flow angle. 

9 . An apparatus for detennining a cross flow angle for a 
feature on a structure, the feature comprising one of a cavity 
and a gap filler, the apparatus comprising: 

a processor unit configured to: 

receive location information identifying a location of the 
feature on the structure; 
detennine an angle of the feature; 
identify flow information for the location, the flow infor- 
mation describing a flow of fluid across the structure; 
detennine a flow angle using the flow information, the flow 
angle comprising an angle of the flow of fluid across the 
structure for the location of the feature; and 
detennine the cross flow angle for the feature using the flow 
angle and the angle of the feature, wherein the cross flow 
angle comprises a first angle between a direction of the 
flow of the fluid across the structure and a second angle 
of the cavity or the gap filler. 

10 . The apparatus of claim 9 , wherein: 

the feature comprises a cavity in the stntcture; and 
the processor unit is configured to receive the location 
information identifying coordinates of the cavity; and 
the coordinates of the cavity comprise first coordinates for 
a first point on a first side of the cavity and second 
coordinates for a second point on a second side of the 
cavity. 

11 . The apparatus of claim 10 , wherein the processorunit is 
configured to determine the angle of the feature from the first 
coordinates and the second coordinates. 

1 2 . The apparatus of claim 1 0, wherein the processor unit is 
configured to: 

detennine a center point between the first point and the 
second point; and 

identify the flow information for a point closest to the 
center point in a database comprising flow information 
for a plurality of points on the structure. 

13 . The apparatus of claim 9 , wherein the feature com- 
prises a gap filler, and wherein the processor unit is further 
configured to: 

receive the location information comprising a tile identifi- 
cation identifying a tile adjacent to the gap filler in the 
structure; 

retrieve tile information using the tile identification, the tile 
information describing a shape of the tile and an orien- 
tation of the tile on the structure; 
display a graphical representation of sides of the tile on a 
graphical user interface using the tile infonnation; 
receive, via the graphical user interface, a selection of one 
of the sides of the tile adjacent to the gap filler; 
detennine an angle for the one of the sides; and 
detennine the angle of the feature from the angle of the one 
of the sides. 

14 . The apparatus of claim 13 , wherein the tile identifica- 
tion comprises a tile number. 
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15. The apparatus of claim 13, wherein the processorunit is 
further configured to: 

determine a point location for the gap filler, the point loca- 
tion comprising a midpoint of the one of the sides; and 

identify the flow information for a point closest to the point 5 
location in a database comprising flow information for a 
plurality of points on the structure. 

16. A non-transitory computer readable storage medium 
storing a computer program product for determining a cross 
flow angle for a feature on a structure, the feature comprising 
one of a cavity and a gap filler, computer program product 
comprising: 

first program instructions to receive location information 
identifying a location of the feature on the structure; 

second program instructions to determine an angle of the 
feature; 15 

third program instructions to identify flow information for 
the location, the flow information describing a flow of 
fluid across the structure; 

fourth program instructions to determine a flow angle using 
the flow information, the flow angle comprising an angle 20 
of the flow of fluid across the structure for the location of 
the feature; 

fifth program instructions to determine the cross flow angle 
for the feature using the flow angle and the angle of the 
feature, wherein the cross flow angle comprises a first 25 
angle between a direction of the flow of the fluid across 
the structure and a second angle of the cavity or the gap 
filler; and 

wherein the first, the second, the third, the fourth, and the 
fifth program instructions are stored on the computer 30 
readable storage medium. 

17. The non-transitory computer readable storage medium 
of claim 16, wherein: 

the feature comprises a cavity in the structure; 

the first program instructions comprise program instruc- 35 
tions to receive location information identifying coordi- 
nates of the cavity; 

the coordinates of the cavity comprise first coordinates for 
a first point on a first side of the cavity and second 
coordinates for a second point on a second side of the 40 
cavity; 
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the second program instructions comprise program 
instructions to determine the angle of the feature from 
the first coordinates and the second coordinates; and 
the third program instructions comprise program instruc- 
tions to determine a center point between the first point 
and the second point, and to identify the flow informa- 
tion for a point closest to the center point in a database 
comprising flow information for a plurality of points on 
the structure. 

18. The non-transitory computer readable storage medium 
of claim 16, wherein the feature comprises a gap filler, and 
wherein: 

the first program instructions comprise program instruc- 
tions to receive the location information comprising a 
tile identification identifying a tile adjacent to the gap 
filler in the structure; and 

the second program instructions comprise program 
instructions to: 

retrieve tile information using the tile identification, the tile 
information describing a shape of the tile and an orien- 
tation of the tile on the structure, 
display a graphical representation of sides of the tile on a 
graphical user interface using the tile information, 
receive, via the graphical user interface, a selection of one 
of the sides of the tile adjacent to the gap filler, 
determine an angle for the one of the sides, and 
determine the angle of the feature from the angle for the 
one of the sides. 

19. The non-transitory computer readable storage medium 
of claim 18, wherein the tile identification comprises a tile 
number. 

20. The non-transitory computer readable storage medium 
of claim 18, wherein the third program instructions comprise 
additional program instructions to: 

determine a point location for the gap filler by determining 
a midpoint of the one of the sides; and 
identify the flow information for a point closest to the point 
location in a database comprising flow information for a 
plurality of points on the structure. 



